Sika deer (Cervus nippon) in the Japanese archipelago are cervids known to have high ecological plasticity, which is reflected in latitudinal variation in their feeding habits. The northern populations are grazers that depend on dwarf bamboos, whereas the southern ones feed on browse and fruits. These differences in plant composition of the diet should affect the tooth wear patterns because the different plants have different concentrations and morphologies of phytoliths (microscopic silica bodies that precipitate in and around cells in many plants). We studied 2 mainland populations (Mt. Goyo and Oshika Peninsula) and 1 island population (Kinkazan Island) of sika deer from northern Japan to understand how dwarf bamboo (Sasa nipponica and Sasamorpha borealis) affects tooth wear on the mainland populations in comparison to the lawn grass (Zoysia japonica) consumed by the island population. Fruits are not considered in this study because only northern populations are examined. The combined analyzes of tooth mesowear and microwear permitted us to detect seasonal differences in the feeding habits of sika deer. The tooth wear pattern also reflected differences directly related to the type of plant ingested. The grass Zoysia japonica, available on Kinkazan Island, had a highly abrasive effect on sika deer enamel. The bamboo species S. nipponica and S. borealis, more abundant on the Mt. Goyo and Oshika Peninsula areas, respectively, were less abrasive than Z. japonica. Differences also were detected in the wear patterns produced by the 2 species of bamboo. Tooth mesowear suggests that S. nipponica is more abrasive than S. borealis, which was confirmed by the high phytolith content found in the plant, especially in the stem of S. nipponica, the part consumed by the sika deer in late winter.
Many ungulates have restricted food habits. For example, moose (Alces alces) are typical browsers, whereas bison (Bison bison) are typical grazers (e.g., Van Dyne et al. 1980) . As information regarding the food habits of wild ungulates accumulates, geographical variation has been found even within a species. The food habits of elk (Cervus elaphus) in North America, for example, vary from grazing to browsing (Nelson and Leege 1982) . Mule deer and black-tailed deer (Odocoileus hemionus) tend to exhibit more browsing habits, yet they show considerable geographical variation (Wallmo and Regelin 1981) . Sika deer (Cervus nippon) in the archipelago of Japan show clear north-south geographical variation in food habits: the northern population depends on dwarf bamboos, whereas the southern population feeds on browse and fruits (Campos-Arceiz and Takatsuki 2005; Takatsuki 2009a ). In addition to this geographical variation, there is ecological variation. In northern Honshu, the main island of Japan, the population living in mountain areas feeds mainly on the abundant Sasa nipponica, a low-growing, evergreen dwarf bamboo in the understory layer of deciduous w w w . m a m m a l o g y . o r g 1043 broad-leaved forests, such as oak forests or birch forests (Takatsuki 1983 (Takatsuki , 1986 ). In the same vegetational zone (cool temperate deciduous broad-leaved forest zone), the deer population on Kinkazan Island shows quite a different ecology. The whole island has been regarded as a sacred place, and killing animals and taking plants is prohibited. Thus, the deer population has been preserved, and consequently, the density is high (50 deer/km 2 ), resulting in overgrazed and overbrowsed vegetation. The forest floor vegetation is heavily impacted, and only low-growing herbs and unpalatable shrubs grow there. This, in turn, results in food shortages and poor nutritional conditions of the deer population (Minami et al. 2009; Ohnishi et al. 2009 ). The deer feed on low-growing grasses such as Zoysia japonica, a lawnlike grass, from spring to autumn, and on dead leaves and culms during winter. A population living on the Oshika Peninsula of Honshu, opposite to Kinkazan Island, is also different. They live at lower densities and under better nutritional conditions. The forage is higher quality than on the island, but dwarf bamboo is less abundant because of the lower altitude, which is not suitable for bamboo growth. Instead, the deer feed on forbs in summer and browse on other bamboos in winter, mainly Sasamorpha borealis.
The ecological differences described should result in differences in the tooth wear patterns of the sika deer. Recent studies of tooth wear in extant ungulates typically take 1 of 2 main approaches, focusing on either tooth mesowear or tooth microwear, which provide access to very different time frames within the life history of an animal. Tooth mesowear reflects a dietary signal over a ''long'' temporal scale (weeks to months). It gives a close approximation of overall diet and general annual ecological conditions. Microwear analysis reveals a signal from a short temporal scale (hours to days). It can provide information about the diet at time of death and the local or seasonal ecological conditions. Using both methods in reconstructing the diet of ungulates should allow us to make inferences regarding seasonal variation in dietary habits of a species. The samples of sika deer we used were collected over a short period from December to March; consequently, tooth microwear should reflect the diet during that time, whereas tooth mesowear should indicate the more general (annual) conditions. Phytolith content and morphology of the 2 bamboo species, S. nipponica and S. borealis, were analyzed in order to understand their relation to the tooth wear patterns in the populations from Mt. Goyo and the Oshika Peninsula.
Our aims are to determine how S. nipponica causes tooth wear in the mainland population, how Z. japonica causes tooth wear in the island population, and how the tooth wear of the peninsula population differs from that of the other 2 populations (Mt. Goyo and Kinkazan Island) .
MATERIALS AND METHODS
Materials.-Specimens of sika deer analyzed in this paper are from 3 geographic areas in northern Japan: Mt. Goyo, Oshika Peninsula, and Kinkazan Island. All specimens are in the collections of the University Museum of the University of Tokyo, Japan. The list of specimens examined for this study is provided in Appendix I.
Mt. Goyo, Itawe Prefecture (39812 0 14 00 N, 141843 0 44 00 E)
Mt. Goyo is located in the southern part of Kitakami Massif (Fig. 1) . The summit of Mt. Goyo is 1,351 m in elevation and the vegetation is well conserved. Higher elevations are covered by primary forests dominated by Betula ermanii, Fagus crenata, and Tsuga diversifolia, whereas the lower slopes are covered by secondary forest of Quercus spp. or by planted coniferous forest of Cryptomeria japonica. Some parts of the lower elevations are used for pastures and rice fields. The northern part of Honshu, including Mt. Goyo, is snowy in winter and early spring, which affects hunting efficiency. Because snowfalls can reach more than 1 m, the deer face difficulty in moving and are forced to descend to valleys, where they are easily accessible to hunters. Accordingly, many sika deer populations were extirpated by overhunting during the early half of the 20th century. The small population survived in Mt. Goyo because the area has been conserved since the Edo era as a strictly managed forestry area and after World War II as a natural park. The Mt. Goyo population gradually recovered before the 1980s. This population is managed for game hunting and to control agricultural damage (Takatsuki 2009c) . Thus, the density is low, and the population is in a good nutritional condition. The deer subsist on S. nipponica, a dwarf bamboo, which grows abundantly on the forest floor (Takatsuki 1986 (Takatsuki , 2009b . Because it is evergreen and tolerant to grazing, the deer can feed on it throughout the year, particularly in winter and spring. In summer and autumn forbs also are eaten. The specimens are individuals shot to control agriculture damage. The Oshika Peninsula is situated about 200 km south of Mt. Goyo (Fig. 1) . The topography is steep and more than half of the surface is covered by planted coniferous forests. Although a systematic census was not performed, it is believed that the sika deer population was quite small before the 1990s because forest undergrowth was abundant and field evidence of their presence was rarely found (Takatsuki and Hirabuki 1998) . The population began to increase in the last half of the 2000s, and the plant biomass decreased in the 2010s. The nutritional condition of the deer population at the sampling time (2008) (2009) (2010) was good, and pregnancy rate was high (Takiguchi 2008) . The deer feed on dwarf bamboos (S. borealis and Pleioblastus chino), deciduous leaves, and forbs (Takiguchi 2008) . Although male deer are known to swim from Kinkazan Island to the Oshika Peninsula, a genetic study showed that the mitochondrial DNA from these 2 populations is distinctly different (Takiguchi et al. 2012) . Body size of deer on the Oshika Peninsula is larger than that of the Kinkazan Island deer, but slightly smaller than that of the Mt. Goyo deer. The samples were collected from animals shot to control agriculture damage.
Kinkazan Island, Miyagi Prefecture (38817 0 43 00 N, 141834 0 00 00 E)
Kinkazan Island is situated only 600 m off the Oshika Peninsula (Fig. 1) . This island has been preserved for religious reasons (there is a shrine on the island), and natural forests of F. crenata and Abies firma remain. Wildlife on the island includes sika deer and Japanese macaques (Macaca fuscata). Because of the grazing and browsing effects of sika deer, forest regeneration is blocked (Takatsuki and Gorai 1994) , causing enlargement of grassland patches . Dietary compositions of the deer are variable on this small island, but grasses consistently account for great proportions of the diets (Takatsuki 1980) . The deer living near the shrine on the western part of the island subsist on Zoysia japonica, a lowgrowing lawn grass (Takatsuki 1980; Ito and Takatsuki 2009) . Because this grass grows low or near the ground, and this area is rainy (mean annual precipitation is about 1,100 mm and concentrated in summer), the leaves are often covered by fine sand, which may increase tooth abrasion. The samples were collected from carcasses of naturally dead animals (Takatsuki et al. 1991) . As a representative population of this island, the samples of the deer living near the shrine were used for this study.
Tooth mesowear analysis.-Mesowear analysis is a method of categorizing the gross dental wear of ungulate molars by evaluating the relief and sharpness of cusp apices in ways that are correlated with the relative amounts of attritive and abrasive dental wear (Fortelius and Solounias 2000) . Mesowear is scored macroscopically from the buccal side of upper molars, preferably the paracone of M2 (Fortelius and Solounias 2000) . A diet with low levels of abrasion (such as the browsing diet of the moose [A. alces]) maintains sharpened apices on the buccal cusps as the tooth wears. In contrast, high levels of abrasion, associated with a diet of siliceous grass or a high rate of soil or dust particle ingestion, or both (such as the grazing diet of zebra [Equus quagga or E. grevyi]), results in more-rounded and blunted buccal cusp apices. Cusp sharpness varies with age. Young individuals that have not yet developed substantial wear facets have sharp cusps, whereas dentally senescent individuals have well-worn cusps. However, for intermediate age groups, mesowear is less sensitive to age and more strongly related to diet . In this study, the standardized method of categorizing tooth wear stage (mesowear ''ruler'') introduced by Mihlbachler et al. (2011) is employed. The method is based on 7 cusps (numbered from 0 to 6), ranging in shape from high and sharp (score 0) to completely blunt with no relief (score 6). The average value of the mesowear data from a single sample is the ''mesowear score'' (Mihlbachler et al. 2011) .
Tooth microwear analysis.-High-resolution epoxy casts of teeth were prepared following the cleansing, molding, casting, and examination protocol developed by Solounias and Semprebon (2002) and Semprebon et al. (2004) . In brief, the occlusal surface of the 2nd lower molar (m2) was first cleaned using acetone and then 96% alcohol. The surface was molded using high-resolution silicone (vinylpolysiloxane). Casts were created from the molds using clear epoxy resin.
Casts were examined under incident light with a Zeiss Stemi 2000C stereomicroscope (Carl Zeiss Mikroskopie, Jena, Germany) at 353 magnification, using the refractive properties of the transparent cast to reveal microfeatures on the enamel. Microwear scars (i.e., elongated scratches and rounded pits) were quantified on the protoconid of the lower left 2nd molars (the right m2 was sampled when the left one was broken or missing). Microwear features within a square area of 0.16 mm 2 were counted using an ocular reticle and classified following Solounias and Semprebon (2002) and Semprebon et al. (2004) . Pits are circular or subcircular microwear scars, whereas scratches are elongated microfeatures with straight and parallel sides. Scratch and pit counts were obtained in 2 areas of the mold and the counts were averaged. The results were compared to a database constructed from extant ungulate taxa (Solounias and Semprebon 2002) , which makes it possible to discriminate between the dietary categories of browser (i.e., eating woody and nonwoody dicotyledonous plants) versus grazer (i.e., eating grass).
Although it has been standard practice in microwear studies to quantify pits and scratches, significant niche partitioning in extant species, and habitat differences within the 3 broad trophic groups, are discernible by scoring relative pit sizes, scratch textures, and gouges in addition to quantifying the numbers of scratches and pits (Solounias and Semprebon 2002; Semprebon et al. 2004) . Variation in scratch-number ranges, scratch textures, and relative pit sizes is useful for partitioning living forms into more-refined trophic categories, such as fruit browser, bark consumer, or dirty browser (browsers ingesting abrasive dust, grit, or dirt with their forage). We also noted the presence or absence of large pits (deeper, less refractive [always dark] pits, generally at least twice the diameter of small pits), gouges (depressions 2-3 times larger, with ragged, irregular edges), and cross scratches (scratches oriented somewhat perpendicularly to the majority of scratches) within the 0.16-mm 2 area. Scratch textures were assessed as being either fine (narrow, relatively shallow scratches having low refractivity) or coarse (wide, relatively deep scratches having high refractivity, i.e., ''relatively shiny''), or a mixture. The scratch width score was obtained by giving a score of 0 to teeth with predominantly fine scratches per tooth surface, 1 to those with a mixture of fine and coarse types of textures, and 2 to those with predominantly coarse scratches. Individual scores for a sample were then averaged to get the scratch width score.
Mixed feeders may have average scratch and pit results that overlap those of browsers and grazers. Mixed feeders are difficult to classify when employing average pit and average scratch results, and additional calculations are necessary to discriminate them from other trophic groups. Mixed feeders can be separated from browsers or grazers by calculating the percentage of individuals in a population having low scratch scores, that is, scratch numbers between 0 and 17 in the 0.16-mm 2 area (Semprebon and Rivals 2007) . Grazing results in high numbers of scratches relative to browsing because grass contains high numbers of abrasive phytoliths. Grazers have low percentages of individuals per taxon falling in the low scratch range, whereas browsers have high percentages of individuals per taxon falling in the low scratch range. Mixed feeders alternate seasonally between browsing (low scratch pattern) and grazing (high scratch pattern) and have intermediate percentages of individuals per taxon in the low scratch range. The low scratch ranges determined for ungulates by Semprebon and are: grazers (0-22.2% of scratches fall between 0 and 17), mixed feeders (20.9-70%), and leafdominated browsers (72.7-100%).
Analysis of variance was performed to test for significant differences in mesowear and microwear patterns among the 3 sika deer populations. All statistical tests were conducted in the PAST 3.01 software package (Hammer et al. 2001) .
Phytolith analysis.-Phytoliths are microscopic bodies composed of pure amorphous silica that form in cells of living plants and are believed to be responsible for the higher number of scratches in grazers. We extracted phytoliths from the bamboo species S. nipponica and S. borealis following the protocol of Albert and Weiner (2001) . Washed and air-dried plant materials were weighed and burned in a muffle furnace at 5008C for 4 h. The ash was treated with an equivolume solution of 3 N HCl and 3 N HNO 3 for 30 min at 1008C, to leave only the siliceous minerals. The remaining fraction was centrifuged at least 3 times in deionized water to eliminate the acid. Slides were prepared by using approximately 0.5 mg of sample and mixed with Entellan New (Merck KGaA, Darmstadt, Germany). The areal coverage of the sample on the slide was estimated by counting the total number of fields containing sample ashes. A minimum of 200 phytoliths with recognizable morphologies were counted. The number of phytoliths was quantified per gram of original dry plant material.
The morphological identification of phytoliths took place using a petrographic microscope Olympus BX41 (Olympus Corporation, Tokyo, Japan). The terms used to describe the phytoliths followed the system proposed by Albert and Weiner (2001) , which follows, wherever possible, the anatomical terminology of the cell in which they were formed. When this was not possible, terms describing the geometrical characteristics of the phytoliths were used. The phytolith nomenclature generally follows Madella et al. (2005) .
RESULTS
A total of 193 individuals were analyzed for mesowear and 159 for microwear (Table 1 ). The specimens sampled were unequally distributed among the 3 populations, 60% of the individuals belong to the Mt. Goyo population, 25% to the Kinkazan Island population, and 15% to the Oshika Peninsula population. The raw data are available in the online Supporting Information S1 (DOI: 10.1644/14-MAMM-A-097.S1).
Tooth mesowear. Fig.  2 ). Mesowear scores of the 3 populations are significantly different ( Table 2) . The results indicate significantly higher abrasion in the diet of the individuals from Mt. Goyo and Kinkazan Island, which both have mesowear scores higher than 2, the cutoff point between browsers (scores , 2) and grazers (scores . 2).
Tooth microwear.-In all 3 populations, the microwear pattern is characterized by low densities of pits (between 82.1 and 92.7 pits/mm 2 ) and intermediate densities of scratches (between 100.9 and 120.7 scratches/mm 2 ; Fig. 3 ; Table 1 ). When compared to reference samples, the 3 sika deer populations plot between the confidence ellipses of grazers and leaf browsers (Fig. 4) .
Density of scratches decreases from the individuals from Mt. Goyo to those from Kinkazan Island, and finally those from the Oshika Peninsula. At the same time, the percentage of scratches in the low scratch range increases, suggesting grazing traits for the Mt. Goyo population and seasonal mixed feeding for the Kinkazan Island and the Oshika Peninsula populations (Table 1 ). Some differences appear in the numbers of large pits, which are more abundant in the mixed-feeding populations from the Oshika Peninsula (28% of the individuals) and Kinkazan Island (15.4%) . The grazing population from Mt. Goyo only has 4.2% of its individuals possessing large pits. The other variables (cross scratches, gouges, and scratch width) do not show differences among the 3 populations.
Significant differences in the numbers of scratches were identified between the Mt. Goyo population and the 2 more southern populations (Oshika Peninsula and Kinkazan Island). Differences were not significant between the deer from the Oshika Peninsula and Kinkazan Island (Table 2 ). There were no significant differences among the 3 samples in the numbers of pits (Table 2) .
Phytoliths.-Although both species of bamboo produced phytoliths in high numbers, some interesting differences were noted ( Table 3 ). The production of phytoliths is similar in the leaves and the culms of S. nipponica. In S. borealis, phytoliths were more concentrated in the leaves, and production is 2 times lower in the culm (Table 3) . As a result, the total production of phytoliths in this plant is significantly lower than that of S. nipponica. In both species, silicification was much higher in short cells and bulliforms, where the silica had filled out the whole cell. In multicell structures, in contrast, structures were only slightly silicified, beginning at the margins of the cells. Fig. 5 shows some of the relevant differences among cell types.
Leaves.-The most abundant morphotype in the leaves was the long cell with sinuate margins (Fig. 6A) . Other common morphotypes, such as bulliforms, hairs, and short cells, also were present in both species of bamboo, although bulliforms were more abundant in S. nipponica. S. nipponica presented a greater variety of short cells with rondels, and towers, which were not noted in S. borealis. Conversely, thin parallelepipeds were notably more abundant in S. borealis and less abundant in S. nipponica.
Culms (Fig. 6B ).-Long cells sinuate were more abundant in the culms of S. nipponica and parallelepipeds were more common in S. borealis. Spheroid psilate morphologies were present in S. borealis, but not in S. nipponica. Short cells were less abundant in the leaves of both species, but S. nipponica again showed a higher number with rondels and saddles. Conversely, very few saddles were identified in S. borealis.
To summarize, in addition to the significantly lower number of phytoliths in the culm of S. borealis, there were important differences in morphological traits. Long cells sinuate were abundant in S. nipponica both in the leaves and culms. Parallelepipeds were more common in S. borealis, mainly in the culm. Short cells were morphologically diverse in S. nipponica, mostly in the leaves. Conversely, in S. borealis, only trapeziforms and saddles were noted among the short cells. Bulliforms, although present in the leaves of both species, were more abundant in S. nipponica.
DISCUSSION
Tooth wear and dietary habit differences.-Tooth mesowear reflects significant differences in the diets of the 3 populations of sika deer. The high mesowear scores (MWSs) observed for the Kinkazan Island population suggest that the deer have a diet that is more abrasive than that of the populations from the Mt. Goyo and the Oshika Peninsula. Using a different scoring method, Kubo and Yamada (2014) also reported higher mesowear scores for the Kinkazan population in comparison to the Mt. Goyo population (the Oshika Peninsula population was not examined by Kubo and Yamada) . The sika deer populations from Mt. Goyo and Kinkazan Island have diets with levels of abrasion comparable to those of grazers or mixed feeders with grass-dominated diet, such as the chital (Axis axis, MWS ¼ 2.74), the barasingha (Rucervus duvaucelii, MWS ¼ 2.96), and the sambar deer (Rusa unicolor, MWS ¼ 2.10). The Oshika Peninsula deer are more similar to typical seasonal mixed feeders such as the muskox (Ovibos moschatus, MWS ¼ 1.74) and the Sumatran serow (Capricornis sumatraensis, MWS ¼ 1.36). These differences in abrasiveness of the diet are consistent with the geographical differences in feeding habit of the sika deer in Japan. The population from Mt. Goyo includes more grass in the diet than the population from the Oshika Peninsula (located south of the former).
Tooth microwear, which reflects the diet at the time of death, provides significant data to understand the differences in mesowear. Tooth microwear indicates more-similar dietary habits for the 3 populations based on densities of pits and scratches. This discrepancy between the results of mesowear and microwear analyses indicates that the food habits were similar at the time of death, especially for the populations from the Oshika Peninsula and Kinkazan Island. The latter had similar microwear patterns, including the percentage of individuals with low numbers of scratches. Because samples were collected from December to March in all 3 populations, the microwear analysis suggests that the winter diets produced similar microwear patterns in the 3 populations. It is likely that in winter, the 3 populations feed on vegetal items that have similar abrasive properties resulting from phytolith content, coating with grit or sand, and so on. Therefore, the differences in tooth mesowear results most likely indicate differences in the diet during the spring to summer. These differences are not observed in the tooth microwear patterns because the individuals from the 3 populations died in winter.
Bamboo feeding and tooth wear patterns.-The results from the mesowear analysis reflect the local dietary habits of sika deer. In the 3 sika deer populations, there is a gradient related to the proportion of browse versus bamboo and grasses in the diet. The sample with the highest proportion of grass (Z. japonica) corresponds to the population with the most-abrasive diet (Kinkazan Island). The high abrasion in that population could be related to the presence of sand and small pebbles on the vegetation. However, the Oshika Peninsula population, which feeds on a mixture of bamboos and deciduous leaves and forbs, had the lowest abrasion (lowest mesowear scores), which corresponds to a higher proportion of deciduous leaves available. These results are consistent with those of browsedominated mixed feeders. The Mt. Goyo population, which feeds mainly on bamboo, had results in between these two.
As far as mesowear is concerned, bamboo feeding did not seem to produce a grazing signal as strong as that of regular grasses. Abrasion, as reflected through mesowear, increased sequentially from mixed diets (Oshika Peninsula population) to predominantly bamboo (Mt. Goyo population), to predominantly sand-coated grasses (Kinkazan Island population).
The results from the microwear analysis indicate the same pattern for the population from the Oshika Peninsula as observed with mesowear. The mixed diet of bamboo, deciduous leaves, and forbs produced a microwear pattern with low numbers of scratches. On the contrary, for the populations from Kinkazan Island and Mt. Goyo, there was a discrepancy between the mesowear and microwear results. Moreover, the 2 populations that include bamboo in their diets, from Oshika Peninsula and Mt. Goyo, were those with the lowest and highest numbers of scratches, respectively. Because microwear indicates a dietary signal over a short temporal scale, the discrepancy might be related to differences in abrasiveness in the species of bamboo consumed.
Comparing the 2 populations feeding on bamboo, the Mt. Goyo deer have a more-abrasive diet than the Oshika Peninsula deer, based on both mesowear and microwear. This is most likely due to the fact that the 2 populations fed on different types of bamboos. The Mt. Goyo population feeds on S. nipponica and the Oshika Peninsula population feeds on S. borealis. The differences observed in the tooth wear patterns probably result from the higher number of phytoliths in S. nipponica than in S. borealis. On average, S. nipponica produces 3.5 more phytoliths than S. borealis (Table 3 ). The estimated number of phytoliths per gram of dry material is 13,000,000 in S. borealis versus 46,000,000 in S. nipponica. This difference might be related more to the phytolith content of the culm of both bamboos, which is much lower in the stem of S. borealis (Table 3) . At Mt. Goyo, sika deer mostly feed on leaves of S. nipponica, but at the end of the winter, when leaves are exhausted, they feed on the culms. The higher phytolith content in the stems of S. nipponica may explain the higher abrasive pattern recorded both by mesowear and microwear analyses for the Mt. Goyo deer compared to the Oshika Peninsula population. The analysis of phytoliths revealed differences in morphology (shape and size) between the 2 bamboo species, and also between the leaves and the culm (Fig. 6) . The higher silicification noted in short cells and bulliforms suggests that these cells, being more abrasive, have a greater effect on the microstriation pattern. There is no clear relation between phytolith morphology and the tooth microwear pattern observed for deer from Mt. Goyo and the Oshika Peninsula, which feed on S. nipponica and S. borealis, respectively. This result is not surprising considering that microwear has a very high turnover. New features are continually created, overwriting the older ones (Grine 1986; Teaford and Oyen 1989) . Consequently, the dimensions and shape of the microwear FIG. 5.-Microphotographs of phytoliths; pictures taken at 4003. A) Short cell saddle from Sasamorpha borealis. B) Multicell structure with long cells sinuate (b1), short cells (b2), polylobates (b3), and bulliform (b4) from the leaves of Sasa nipponica; note the different silicification between the multicells and the short cells and bulliform. C) Multicell structure with long cells sinuate (c1), lesser silicified and short cells from S. nipponica (c2), better silicified cells than in c1. D) Multicell structure with long cell sinuate (d1) and short cells (d2) from S. nipponica; again short cells are better silicified than multicells. E) Multicell structure with short cells saddle (e1) and hair aciculates (e2) from S. borealis. F) Multicell structures with long cells sinuate (f1) and hair aciculates (f2) from S. nipponica. G) Multicell bulliforms with echinate margins from S. nipponica. H) Multicell parallelepiped elongate psilate from the culm of S. nipponica. I) Multicell structure with long cells sinuate (i1) and parallelepiped thin psilate (i2) from the leaves of S. borealis. scars (scratch widths and pit lengths and widths) would be expected to change while the tooth is wearing down over the course of a few hours or days (Teaford and Oyen 1989) . This suggests that phytolith morphology in bamboo cannot be directly related to tooth wear patterns. Only the abundance of phytoliths was found to be related to the tooth wear patterns produced by the 2 bamboo species.
Effect of Zoysia japonica on the Tooth Wear Pattern Observed on the island population.-The grass Z. japonica has a high abrasive effect on the mesowear pattern observed, producing mesowear scores similar to those of typical grazers such as the African grassland hartebeest (Alcelaphus buselaphus) and the wildebeest (Connochaetes taurinus). On Kinkazan Island, the local population living near the shrine feeds on Z. japonica, a low-growing grass ). This grass is productive, and the bite rate of the deer on this plant community is quite high . Because the leaves grow near the ground and the area is rainy in summer, they are often coated with fine sands. It is quite likely that a high mesowear score, that is, the more rounded cusps of the teeth, is produced by pebbles and sand particles ingested together with the grass leaves. This would explain why the signal is picked up by the mesowear pattern, which reflects the diet of the last weeks or months, but not by the microwear pattern. The summer microwear pattern would have been erased and overprinted by the new microwear pattern, which reflects the winter food habits of sika deer. This study shows the importance of the combined analysis of tooth mesowear and microwear to identify significant intraspecific variation. This combination of techniques makes possible the detection of both general food habits as well as seasonal differences in the diet. The 3 populations studied here have different food habits overall, but this analysis showed more similar feeding habits during the winter.
The analysis of tooth wear patterns combined with data on sika feeding behavior and phytolith analysis also reflects significant differences directly related to the type of plants ingested. The grass Z. japonica, available on Kinkazan Island, has high abrasive properties on sika deer enamel. The bamboo species S. nipponica and S. borealis are less abrasive than Z. japonica. Between the 2 species of bamboo, S. nipponica is more abrasive than S. borealis, which is related to the high phytolith content in the culm of the former. The morphological study of the bamboo phytoliths shows interspecific differences as well as differences between the leaves and the culm. These morphological differences are not reflected in the tooth wear patterns and only the quantity of phytoliths in bamboo is related to differences in tooth wear patterns.
